Protein kinase A phosphorylation of the cardiac calcium release channel (ryanodine receptor) in normal and failing hearts. Role of phosphatases and response to isoproterenol.
The cardiac ryanodine receptor/calcium release channel (RyR2) on the sarcoplasmic reticulum (SR) comprises a macromolecular complex that includes a kinase and two phosphatases that are bound to the channel via targeting proteins. We previously found that the RyR2 is protein kinase A (PKA)-hyperphosphorylated in end-stage human heart failure. Because heart failure is a progressive disease that often evolves from hypertrophy, we analyzed the RyR2 macromolecular complex in several animal models of cardiomyopathy that lead to heart failure, including hypertrophy, and at different stages of disease progression. We now show that RyR2 is PKA-hyperphosphorylated in diverse models of heart failure and that the degree of RyR2 PKA phosphorylation correlates with the degree of cardiac dysfunction. Interestingly, we show that RyR2 PKA hyperphosphorylation can be lost during perfusion of isolated hearts due to the activity of the endogenous phosphatases in the RyR2 macromolecular complex. Moreover, infusion of isoproterenol resulted in PKA phosphorylation of RyR2 in rat, indicating that systemic catecholamines can activate phosphorylation of RyR2 in vivo. These studies extend our previous analyses of the RyR2 macromolecular complex, show that both the kinase and phosphatase activities in the macromolecular complex are regulated physiologically in vivo, and suggest that RyR2 PKA hyperphosphorylation is likely a general feature of heart failure.